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CONTROLLED VOLTAGE MULTIPLIER „~ ^^..^ .v, 

PROVIDING PULSE OUTPUT SUMMARY OF THE INVENTION 

It is, therefore an object of this invention to provide 

BACKGROUND OF THE INVENTION an improved voltage multiplier operable from relatively 

This invention relates to the voltage multiplier art 5 Iow voltage levels to provide an output voltage at zero 

and, more particularly, to a circuit for converting a low nct avcra S c current. 

direct voltage into pulses of a relatively much larger U f a furth " ^ject of this invention to provide such 

amplitude and in a controlled manner. ' a ? '° ^ ™ Xu * X ™ ™ h ^" extcr " al, > contro " ab,e - t 

. . . . . - _ It is a further object of this invention to provide such 

Many electrical devices are powered by sources |0 a vo|tage multip|icr wherein lhe out £ ut can be 

which operate at very low impedances, that is at low groU nded to one side of the input power supply, 
voltage and high current. Typical of such sources are It j s an additional object of the present invention to 
common battery cells, which provide an output voltage provide a voltage multiplier which is both externally 
of about 0.8 to 1 .5 volts, human and animal nerve cells, controllable and capable of delivering a regulated out- 
thermoelectric, thermionic or bctavoltaic generators 15 put. 

which provide an output from about 0.1 to about 0.8 The present invention provides a voltage multiplier 

volts, as well as photocells, fuel cells and many others. including a plurality of circuit branches connected in 

Most common electronic devices or components re- parallel with a voltage source to be multiplied and 

quire much higher operating voltages, for example vac- . n w herein each branch includes an energy storage means 

uum tubes require 15 to 10,000 volts, transistors 2.5 to ° m , the f°/ m of a ca P acitor - A separate charge path is 

250 volts and d.c. motors 1.5 to 10,000 volts. UU,,Zed f ° T A Cd ? h CapaC ;[° r and ° ne char * e path is a,so 

c . . . . . , , ... , a unique discharge path, thereby permitting zero net 

Such an impedance mis-match is further illustrated average currem thrQugh thc ]q J * ^ Qf extcr _ 

by the specific example of an implantable artificial car- nally con irolled switches, each connected to a corre- 

diac pacemaker, which requires about 2.5 volts for op- 25 sponding energy storage means or capacitor, is pro- 

eration but which is powered from a rechargeable cell vided to define a discharge path when the switches are 

delivering about 0.8 volts or from a nuclear battery de- operated. In addition, thc multiplier output can be reg- 

livering from about 0.2 to about 0.75 volts. The low ulated by preventing operation of the controlled 

voltage of the source must be transformed into a higher switches when the output voltage reaches a prcdeter- 

voltage by a converter which is efficient, reliable and 30 mined level. 

economical. The foregoing and additional advantages and charac- 

Many prior art voltage multipliers exist which oper- terizin & features of the P^scnt invention will become 

ate according to the method of charging a plurality of ? earl >* a PP arent u P° n a re \ din S of the <| nsuing detailed 

capacitors in parallel with the available low voltage and 3 5 " * 
then discharging the capacitors in scries to provide a 

greatly increased voltage. In particular, such arrange- BRIEF DESCRIPTION OF THE DRAWING 

ments often employ a ladder network to isolate the FIGURES 

power source from the high voltage discharge, and as FIG. I is a schematic circuit diagram showing a volt- 

the capacitors in the network become charged the volt- 40 age multiplier according to a first embodiment of the 

age also rises across spark gaps connected in series with present invention; and 

the capacitors. When the voltages on thc gaps become PIG- 2 is a schematic circuit diagram of a voltage 
sufficient, they break down placing all the capacitors in multiplier capable of delivering a regulated voltage out- 
series across the load. 45 P ut according to a second embodiment of the present 

Such prior art arrangements are limited to relatively invention, 
high operating voltages since the spark gaps in reality DETAILED DESCRIPTION OF THE ILLUSTRATED 
are voltage-actuated switches. While neon bulbs or . EMBODIMENTS 
four layer diodes might be substituted for the gaps to FIG. 1 shows in preferred form a voltage multiplier 
reduce the operating voltage to the range of tens to 50 10 constructed in accordance with a firsl embodiment 
hundreds of volts, such arrangements nevertheless can- 0 f the present invention. Multiplier 10 comprises a pair 
not be employed where it is desired to multiply frac- of input terminals 11 and 12 adapted to be connected 
tional voltages. In addition, such arrangements have to a source of voltage to be multiplied. In the present 
the d.c. power supply voltage appearing across the ^ instance the source to be multiplied comprises a bat- 
load, even during quiescent periods, and often in such tery indicated at 13 in FIG. 1, and advantageously bat- 
arrangements the capacitors are not equally charged. terv 13 can °e of the type which delivers a relatively 
Moreover, the operational requirements of an artificial low or Pactional voltage output, 
cardiac pacemaker often render it desirable that the , Mult, P her 10 further comprises a plurality of circuit 
power supply deliver a pulsating signal having zero net 60 bran <* es ?5 connected etecirically in parallel with 
' ronp ,„j tKot ,n * rtft . * _ . input terminals 11 and 12. In the present illustration a 
average current and that all sections of the pacemaker ^ Qf fouf such branches m ^ 

circuit are operating at the same reference or ground ^ the mher three bej mdicated by ^ ime ^ 

potential. Voltage multipliers heretofore available, on ble prime and triple prime SU p e rscripts. A smaller or 

the other hand, do not have the capability of delivering 65 i arge r number of such branches 15 can be included in 

an output signal of zero net average current and, in multiplier 10, depending upon the amount by which it 

most instances, the output thereof must float off is desired to multiply the input voltage. Each branch, 

ground. » for example branch 15, includes energy storage means 
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in the form of capacitor 16, together with means for de- 
veloping a voltage on the branch in the form of resistors 

17 and 18. Capacitor 16 is connected in scries with and 
between resistors 17 and 18, and the series combina- 
tion of capacitor 16 and resistors 17 and 18 is con- 
nected across input terminals 11 and 12. In a similar 
manner branch IS' includes a capacitor 19 connected 
in scries with and between resistors 20 and 21, and the 
series combination of capacitor 19 and resistors 20 and 
21 is connected across input terminals 11 and 12 and 
hence also in parallel with branch 15. Likewise, branch 
15" comprises the series combination of a capacitor 22 
connected between resistors 23 and 24, the entire com- 
bination being connected across input terminals 1 1 and 
12 and hence also in parallel with branches 15 and 15'. 
Branch 15'" is connected across input terminals 11 
and 12 and hence also in parallel with branches 15, 15' 
and 15", and similarly includes a capacitor 25 con- 
nected in series with a resistor 26. 

The voltage multiplier of the present invention fur- 
ther comprises a pair of output terminals 30 and 31 
adapted to be connected to a load which in the present 
illustration comprises a resistor 32. Output terminals 
30 and 31 thus are connected in series with one of the 
energy storage means of multiplier 10, in particular ca- 
pacitor 25, whereby the path for current which charges 
capacitor 25 is through the load, i.e., load resistor 32. 
In addition, the output voltage delivered by multiplier 
10 is referenced or grounded to one side of the power 
supply or voltage being multiplied. In particular, output 
terminal 31 is connected through a lead 33, together 
with the corresponding low voltage sides or terminals 
of branches 15, 15' and 15", to the relatively low or 
negative voltage terminal of battery 13. The relatively 
high voltage sides or terminals of branches 15-15'" 
are, of course, connected to the high or positive termi- 
nal of battery 13 through a lead 34. 

Voltage multiplier 10 of the present invention further 
comprises a corresponding plurality of controlled 
switches in the form of semiconductor switching means 
or transistors 40-43, and each switch is connected to 
a corresponding one of the energy storage means or ca- 
pacitors 16, 19, 22 and 25. In addition, the switches 
and the storage means or. capacitors are connected to- 
gether to define a series discharge path including out- 
put terminals 30 and 31 when the switches are oper- 
ated. As shown in FIG. 1, transistor 40 has a control or 
base terminal 44, a collector terminal 45 connected to 
the junction of capacitor 16 and resistor 17 in branch 
15, and an emitter terminal 46 connected by a lead 47 
to input terminal 12 and, hence, the relatively low or 
negative terminal of battery 13. Transistor 41 has a 
control or base terminal 48, a collector terminal 49 
connected to the junction of capacitor 19 and resistor 
20 in branch 15', and an emitter terminal 50 connected 
by a lead 51 to the junction of capacitor 16 and resistor 

18 in branch 15. Transistor 42 has a control or base ter- 
minal 52, a collector terminal 53 connected to the 
junction of capacitor 22 and resistor 23 in branch 15", 
and an emitter terminal 54 connected by a lead 55 to 
the junction of capacitor 19 and resistor 21 in branch 
15'. Transistor 43 has a control or base terminal 56, a 
collector terminal 57 connected to the junction of ca- 
pacitor 25 and resistor 26 in branch 15'", and an emit- 
ter terminal 58 connected by a lead 59 to the junction 
of capacitor 22 and resistor 24 in branch 15". 
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The voltage multiplier of the present invention also 
comprises trigger means connected to each of the 
switches 40^43 for operating the switches simulta- 
neously to complete the discharge path. Referring now 

5 to FIG. 1, the trigger means comprises a pulse voltage 
generator indicated at 65 and having output terminals 
66 and 67. According to a preferred mode of the pres- 
ent invention, generator 65 provides output pulses hav- 
ing an amplitude greater than 1 volt across terminals 

10 66, 67. Generator 65 can be one of many forms readily 
available and well known to those skilled in the art, so 
that a detailed description thereof is believed unneces- 
sary. For example, the output pulses appearing across 
terminals 66, 67 might be derived from a low power os- 

15 cillator circuit driven by a relatively low efficiency tun- 
nel diode r.f. converter. Alternatively, triggering may 
be initiated externally from a remote location, whereby 
the pulse voltage is transmitted by radio or coupled by 
induction. Output terminal 67 of generator 65 is con- 

20 nected to ground, and the positive-going trigger pulses 
available on terminal 66 are connected through a lead 
68 to transistors 40-43. In particular, lead 68 is con- 
nected through voltage-dropping resistors 69, 70, 71 
and 72 to base terminals 44, 48, 52 and 56, respec- 

25 tively, of transistors 40-43. 

Voltage multiplier 10 operates in the following man- 
ner. A voltage to be multiplied, in this particular illus- 
tration the voltage of battery 13, is connected across 
input terminals 11, 12. Trigger pulse generator 65 is in 

30 a quiescent state and as a result semiconductor 
switches or transistors 40-43 are non-conducting. The 
voltage to be multiplied, that of battery 13, is applied 
simultaneously to circuit branches 15, 15', 15", and 
15'" thereby charging capacitors 16, 19, 22 and 25, re- 

^ 5 spectively. Multiplier 10, therefore, provides a separate 
charge path for each capacitor therein. 

At the time when a multiplied output voltage is de- 
sired, trigger pulse generator 65 is operated thereby 
providing a trigger pulses of an amplitude greater than 

40 about one volt on line 68 which is transmitted simulta- . 
neously to base or control terminals 44, 48, 52 and 56 
of transistors 40, 41, 42 and 43, respectively. As a re- 
sult, the transistors simultaneously are rendered con- 
ducting thereby defining a series discharge path for the 
capacitors through the load represented by resistor 32 
connected across output terminals 30, 31. In particular, 
the series discharge path includes capacitors 16, 19, 22 
and 25, the collector-emitter paths of transistors. 
40-43, line 33 and output terminals 30, 31 to which 
load resistor 32 is connected. Thus in response to the 
operation of trigger pulse generator 65 there is pro- 
vided a multiplied output voltage across terminals 30, 
31. 

55 There are several advantages associated with voltage 
multiplier 10 constructed in accordance with the pres- 
ent invention. A separate charge path is provided for 
each of the capacitors 16, 19, 22 and 25, and one 
charge path, in the present instance, that of branch 
15"' including output terminals 30, 31, is also a unique 
discharge path, resulting in zero average net current 
through the load. This is because the charging and dis- 
charge currents are in opposite directions and is of par- 
ticular significance when voltage multiplier 10 is used 

65 in conjunction with an artificial cardiac pacemaker. 
. Another advantage of voltage multiplier 10 is that it is 
applicable to relatively low, in particular fractional, 
voltage systems. This is because the circuit of multiplier 
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10 is constructed to permit grounding of the voltage- switches being connected together to define a scries 
controlled switches in such a manner that scmiconduc- discharge path including terminals 97 and 98. In partic- 
tor devices such as germanium, silicon, or field-effect ular. transistor 100 includes a control or base terminal 
transistors can be employed. Such devices are low volt- 104, a collector terminal 105 connected to the junction 
age in character and the only requirement is that a 5 of capacitor 86 and resistor 87 in branch 85, and an 
switching voltage of adequate amplitude, i.e., greater emitter terminal 106 connected through a lead 107 to 
than about 1 volt, is available. A further advantage of a lead 108 which connects output terminal 98 with re- 
multiplier 10 is that external control of switching time sistors 88 and 91 and input terminal 82. Transistor 101 
is permitted with the result that energy can be stored includes a control or base terminal 110, an emitter ter- 
in capacitors 16, 19, 22 and 25 at any time, and then 10 minal 111 connected to the junction of capacitor 89 
discharged at a high voltage upon demand rather than and resistor 90, and an emitter terminal 112 connected 
at random periodic intervals as in many prior art ar- through a line 113 to the junction of capacitor 86 and 
rangements. Another advantage is that grounding of resistor 88. Likewise, transistor 102 includes a control 
the output of multiplier 10 to one electrical side of the or base terminal 114, a collector terminal 115 con- 
source to be multiplied is inherent in the circuit con- 15 nected to the junction of capacitor 92 and resistor 93, 
struction. In particular, it will be noted that when tran- and an emitter terminal 116 connected through a lead 
sistors 40-43 are conducting whereby the collector- 117 to the junction of capacitor 89 and resistor 91. 
emitter paths are electrically equivalent to short cir- The switches of transistors 100-102 are operated si- 
cuits. the discharge path from output terminal 30 multaneously to complete the discharge path by trigger 
through the capacitors is connected directly to the neg- 20 means connected to the control or base terminals 
ative or relatively low voltage terminal 12 of battery 13. thereof. In particular, a trigger pulse generator 120 
As a result, the output provided by multiplier 10 does having output terminals 121, 122 is included and can 
not float off electrical ground as is the case with many be of similar construction to that of pulse generator 65 
prior art voltage multipliers. This electrical grounding shown in FIG. 1. Output terminal 122 is connected to 
of the output is of particular significance when multi- 25 ground and output terminal 121 is connected through 
plier 10 is used in conjunction with an artificial cardiac a resistor 123 to a semiconductor switch in the form of 
pacemaker wherein it is desired to have all of the cir- transistor 124. Semiconductor switch or transistor 124 
cuit portions thereof operate relative to the same elec- is connected in controlled relation to pulse generator 
trical reference potential or ground. 120 and in controlling relation between at least one of 
By way of illustration, a voltage multiplier similar to 30 the input terminals of multiplier 80 and the control or 
that shown at 10 in FIG. 1 but having only three base terminals of transistors or semiconductor switches 
branches (i.e. branches 15-15'") was constructed 100-102. In particular, transistor 124 has a base term i- 
wherein capacitors 19, 22 and . 25 each had a value of nal 125 connected to resistor 123, a collector terminal 
33 microfarads, resistors 20, 21, 23, 24, and 26 had a 126 connected to multiplier input terminal 81, and an 
magnitude of 10 K, resistors 70-72 a magnitude of 22 35 emitter terminal 127 which is connected through resis- 
K, and pulse generator 65 delivered trigger pulses hav- tors 128, 129 and 130 to the corresponding control or 
ing an amplitude of 6 volts and a duration of 1 millisec- base terminals 104, 110 and 114 of transistors 
ond. With the voltage of battery 13 being 6 volts, an 100-102, respectively. 

output voltage of about 17 volts was obtained when In accordance with this embodiment of the present 

load resistor 32 was of a magnitude of 15 K. 40 invention, multiplier 80 includes regulating means con- 

FIG. 2 shows a voltage multiplier 80 for delivering a nected to output terminals 97 and 98 and to the means 

regulated voltage output according to the present in- defining the discharge path for stopping the flow of cur- 

vention. Voltage multiplier 80 includes a pair of input rent through the path when the voltage on output ter- 

terminals 81 and 82 adapted for connection to a source minals 97, 98 reaches a predetermined magnitude. In 

of voltage to be multiplied, in the present instance a 5 preferred form, the regulating means comprises sensing 

battery 83. Multiplier 80 further comprises a plurality means including a variable resistance or potentiometer 

of circuit branches, in the present instance three 135 connected between output terminals 97 and 98 

branches 85, 85' and 85", each of which branches in- and semi-conductor switching means in the form of 

eludes energy storage means in the form of a capacitor transistor 136 connected in controlled relation to sens- 

and means for developing a voltage on the branch. In 0 ing means 135 and in controlling relation between a 

particular, branch 85 includes a capacitor 86 con- reference voltage and the discharge path defining 

nected in series between resistors 87 and 88, branch means. In particular, transistor 136 has a base terminal 

85' includes a capacitor 89 connected in series be- 137 connected to a reference voltage, in the present in- 

tween resistors 90 and 91, and branch 85" includes a stance electrical ground, an emitter terminal 138 is 

capacitor 92 connected in series with a resistor 93. connected through a lead 139 to the wiper arm of vari- 

Multiplier 80 further comprises a pair of output termi- able resistance or potentiometer 135, and a collector 

nals 97 and 98 adapted for connection to a load 99, and terminal 140 connected through a line 141 to the junc- 

the terminals are connected in series with one of the ca- tion between base terminal 125 of transistor 124 and 

pacitors, in the present illustration capacitor 92. ^ resistor 123. 

Voltage multiplier 80 further comprises means con- Voltage multiplier 80 operates in a manner similar to 

nected to capacitors 86, 89 and 92 for defining a dis- multiplier 10 of FIG. 1 to deliver a multiplied voltage 

charge path including output terminals 97 and 98. An output across terminals 97 and 98. In particular, the 

arrangement similar to that of voltage multiplier 10 is voltage to be multiplied, in the present instance the 

provided including a corresponding plurality of semi- 65 voltage of battery 83, is applied across the branches 85, 

conductor switches in the form of transistors 100, 101 85' and 85" to charge capacitors 86, 89 and 92. When 

and 102 each being connected to a corresponding one the multiplied output is desired, trigger pulse generator 

of the capacitors 86, 89 and 92 and the capacitors and 120 is operated to deliver a pulse to base terminal 125 



3,878,450 

7. .8 

of transistor 124 to thereby render transistor 124 con- 1. A voltage multiplier comprising: 

ducting. This in turn applies the positive voltage of bat- a. a pair of input terminals adapted for connection to 

tery 83 simultaneously to control or base terminals a source of relatively low voltage to be multiplied; 

104, 1 10 and 1 14 of transistors 100-102, respectively, b. a plurality of circuit branches connected in parallel 

thereby rendering the transistors conducting. A series 5 with said terminals, each of said branches including 

discharge path thus is created including capacitors 86, energy storage means and means developing a volt- 

89 and 92, the collector-emitter paths of transistors age on said branch; 

100-102, lead 108 and output terminals 97 and 98. c . a pair of output terminals adapted to be connected 

Characteristic of voltage multiplier 80 is the capabil- to a load, said terminals being connected in series 

ity of providing a regulated voltage output between 10 with one of said energy storage means whereby the 

output terminals 97 and 98. In particular, when the pa th for current charging that storage means is 

voltage between terminals 97 and 98 and, hence, the through the load; 

voltage on resistance 135 exceeds the value to which d a corresponding plurality of pulse responsive con- 
resistor 135 is set, transistor 136 is driven into conduc- trolled switches, each switch connected to a corre- 
tion thereby connecting base terminal 125 of transistor 15 spending one of said energy storage means, said 
124 to ground through lead 141. This, in turn, removes switches and said storage means being connected 
the driving voltage from the control or base terminals together to define a series discharge path including 
104, 110 and 114 of transistors 100-102, thereby open- said pair of oul , t erminals and connected di- 
ing the discharge path and limiting the output voltage reclly tQ the one of ^ ■ x termina | s which is at 
to the value set by potentiometer 135. 20 rf Qr reference ja , when said switches 

Voltage multiplier 80 functions as a voltage regulated m operated . 

voltage multiplier which charges capacitors in parallel c means pro6 ^ m tri lses of relativel short 

and discharges them in series with a common reference duratjon and connected t0 each of said switches for 

electrical ground for both the charge and discharge operating said switches simultaneously to complete 

modes. The provision of a grounded base or grounded 25 ^ ^ q ^ 

gate semiconductor amplifier including transistor 136 f regu lating means connected to said output termi- 

permits controUmg o the negative ^output voltage pulse na|s and betwcen ^ trf means d sajd 

on terminals 97 and 98 without the need to provide a swjtches for disconnect| sa f d tri means from 

negative power supply. Furthermore, the grounded . , . . , °. -j ■ » - . 

r ; * « i j- in said switches when the voltage on said output ter- 

basc or grounded gate semiconductor stage including JU . . . . • _, j 

. , r *. • . . , • minals reaches a predetermined magnitude, 

transistor 136 functions as a dynamic variable resis- _ A . . . .\ r. , . 

tance in the lower leg of a resistance voltage divider, 2 : V0,ta * e mu,t, P lier accord »* *° cla ' m 1 whe ™n 

the top leg being provided by resistor 123 connected Mld * ncrgy fc sto J a * e ™ ans comprises a capacitor in 

between pulse generator 120 and transistor 124. cach branch a " d said means developing a voltage com- 

The operation of voltage multiplier 80 is illustrated 35 P/ises a pair of resistors in each branch, said resistors 

further by way of a specific example. A voltage multi- bem S connected in series with said capacitor and to op- 

plicr like that of FIG. 2 was constructed with capacitors po f lU ; termma,s tn i ere i ? f - ft m 

86, 89 and 92 having a value of 33 microfarads. The re- 3 - r vo,ta f multiplier according to claim 1 wherein 

sistors such as resistors 87 and 88 in each of the each of said controlled switches comprises a voltage 

branches had a magnitude of 10 K and resistor 123 to- 40 controlled switch having a control terminal and said 

gcthcr with resistors 128-130 had a magnitude of 22 K. ln f£ er means comprises a pulse voltage generator to- 

Battery 83 delivered a voltage of 6 volts, and pulse gen- & ether Wlth means connecting the output of said gener- 

erator 120 delivered pulses having an amplitude of ator to the control terminals of each of said voltage- 

about 6 volts. Resistor 135 was variable in a range de- Ae controlled switches. 

veloping from about 0.55 to about 1 7 volts. When resis- 45 4 - A vo,ta g e ' multiplier according to claim 1 wherein 

tor 135 was set at a value corresponding to 0.55 volts, eac h of said controlled switches comprises a transistor, 

and the voltage across terminals 97 and 98 exceeded the collectorremitter circuit of which is connected in 

-0.55 volts, transistor 136 was driven into conduction said discharge path, and said trigger means comprises 

to ground base terminal 125 of transistor 124 thereby ap"fcse vo ltage generator together with means connect- 

removing the base drive voltage from transistors 50 in g the output of said generator to the base terminals. 

100-102. The output voltage available on terminals 97 of each of said transistors. 

and 98 as a result was limited to 0.55 volts or any multi- 5. A voltage multiplier according to claim 4 wherein 

pie thereof as the setting of resistor 135 was changed said energy storage means comprises a capacitor in 

to that corresponding to an increased voltage. Setting each branch, said capacitors being connected to the 

resistor 135 at a point corresponding to maximum volt- collector-emitter circuits of said transistors, and said 

age prevents any voltage being applied to transistor 136 means developing a voltage comprises a pair of resis- 

with the result that full unregulated output of the multi T tors in each branch, said resistors being connected in 

plier is delivered to the load. With voltage multiplier 80 series with said capacitor and to opposite terminals 

operating as a tripler the maximum voltage output with 6Q thereof. 

resistance 135 having a maximum value of 15 K was 17 6. A voltage multiplier according to claim 1 wherein 

volts. said regulating means comprises: 

It is therefore apparent that the present invention ac- a. sensing means connected to said output terminals 

complishes its intended objects. While two specific em- for providing a command voltage signal when the 

bodiments of the present invention have been de- 65 voltage on said terminals reaches a predetermined 

scribed in detail, this has been done by way of illustra- magnitude; and 

tion without thought of limitation. b. semiconductor switching means connected in con- 

I claim: trolling relation between said trigger means and 
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said switches and connected in controlled relation 
to said sensing means. 

7. A voltage multiplier according to claim 6 wherein 
said sensing means comprises a variable resistance con- 
nected between said output terminals and semiconduc- 
tor switching means connected in controlled relation to 
said variable resistance and in controlling relation be- 
tween a reference voltage and said first-named semi- 
conductor switched means. 

8. A voltage multiplier according lo claim I wherein 
each of said circuit branches comprises a capacitor 
connected in series with a resistance, said output termi- 
nals are connected in scries with one of said capacitors 
whereby the path for current charging that capacitor is 
through the load, and each of said controlled switches 
is connected to a corresponding one of said capacitors 
whereby said switches and said capacitors arc con- 
nected together to define a series discharge path in- 
cluding said pair of output terminals when said switches 
are operated. 

9. A voltage multiplier according to claim 8 wherein 
each of said controlled switches comprises a voltage 
controlled switch having a control terminal and said 
trigger means comprises a pulse voltage generator to- 
gether with means connecting the output of said gener- 
ator to the control terminals of each of said voltage- 
controlled switches. 

10. A voltage multiplier according to claim 9 wherein 
each of said voltage controlled switches comprises a 
transistor, the collector-emitter circuit of which is con- 
nected to said capacitors, and wherein the output of 
said pulse voltage generator is connected to the base 
terminals of each of said transistors. 

11. A voltage multiplier according to claim 1 wherein 
said regulating means comprises: 

a. sensing means connected to said output terminals 
for providing a command voltage signal when the 
voltage on said terminals reaches a predetermined 
magnitude; and 

b. semiconductor switching means connected in con- 
trolling relation between said trigger means and 
said switches and connected in controlled relation 
to said sensing means. 

12. A voltage multiplier according to claim 11 
wherein said sensing means comprises a variable resis- 
tance connected between said output terminals and 
semiconductor switching means connected in con- 
trolled relation to said variable resistance and in con- 
trolling relation between a reference voltage and said 
first-named semiconductor switching means. 

13. A voltage multiplier comprising: 

a. a pair of input terminals adapted for connection to 
a source of relatively low voltage to be multiplied; 

b. a plurality of circuit branches connected in parallel 
with said terminals, each of said branches including 
a capacitor and means developing a voltage on said 
branch; 

c. a pair of output terminals adapted for connection 
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to a load, said terminals being connected in series 
with one of said capacitors; 
d. means connected to said capacitors for defining a 
discharge path including said pair of output tcrmi- 
5 nals and connected directly to the one of said input 
terminals which is at ground or reference potential; 
. and 

c. regulating means connected to said output termi- 
nals and to said discharge path defining means for 
10 stopping the flow of current through said path 
when the voltage on said output terminals reaches 
a predetermined magnitude. 

14. A voltage multiplier according to claim 13 
wherein said regulating means comprises: 

15 a. sensing means connected to said output terminals 
for providing a command voltage signal when the 
voltage on said terminals reaches a predetermined 
magnitude; and 
b. semiconductor switching means connected in con- 

20 trolling relation to said discharge path defining 
means and in controlled relation to said sensing 
means. 

15. A voltage multiplier according to claim 14 
wherein said sensing means comprises a variable resis- 

25 tancc connected between said output terminals and 
semiconductor switching means connected in con- 
trolled relation to said variable resistance and in con- 
trolling relation between a reference voltage and said 
first-named semiconductor switching means. 

30 16. A voltage multiplier according to claim 13 
wherein said means defining a discharge path com- 
prises: 

a. a corresponding plurality of semiconductor 
switches each having a control terminal, each of 
35 said switches being connected to a corresponding 
one of said capacitors, said switches and said ca- 
pacitors being connected together to define a series 
discharge path including said pair of output termi- 
nals when said switches are operated; and 
40 b. trigger means connected to said control terminals 
of said switches for operating said switches simulta- 
neously to complete said discharge path. 
17. A voltage multiplier according to claim 16 
wherein said trigger means comprises a pulse voltage 
45 generator and a semiconductor switch connected in 
controlled relation to said pulse generator and in con- 
trolling relation between at least one of said input ter- 
minals and said control terminals of said semiconduc- 
tor switches connected to said capacitors. 
50 18. A voltage multiplier according to claim 17 
wherein said regulating means comprises a variable re- 
sistance connected between said output terminals and 
semiconductor switching means connected in con- 
trolled relation to said variable resistance and in con- 
55 trolling relation between a reference voltage and said 
semiconductor switch connected to said pulse genera- 
tor. 

***** 
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(57) ABSTRACT 

A charge-pump and a method are provided for conditioning 
the phase detector output in a phase-locked loop (PLL). The 
method comprises: accepting a pair of differential phase 
detector (PD) output signals (up/upb and dn/dnb); connect- 
ing each pair of differential PD outputs to first and second 
charge-pump differential sections; supplying differential 
charge-pump outputs (Vout+/Vout-) in response to the pair 
of differential PD output signals; and, disconnecting the 
charge-pump differential section outputs from the loop filter 
inputs when the PD differential outputs (up/dn and upb/dnb) 
are equal. In some aspects, supplying differential charge- 
pump outputs (Vout+/Vout-) in response to the pair of 
differential PD output signals includes sourcing a first cur- 
rent through the first charge-pump differential section and 
sourcing a second current through the second charge-pump 
differential section. Then, the method further comprises 
maintaining the first current equal to the second current. 
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